Methods

Ethical approval
This study was approved by the Ethics Committee of Peking University First Hospital. Consent was obtained from all patients, and the protocol followed the principles of the Declaration of Helsinki.
Myopic and early glaucoma groups
This was a cross-sectional study, satisfying the inclusion and exclusion criteria, which involved consecutive outpatients at the Department of Ophthalmology in our hospital, from October 2012 to June 2016. Normal control and myopic groups were recruited from October 2012 to March 2013.
All POAG patients satisfied the following inclusion criteria: (1) A best-corrected visual acuity ≥20/30; (2) spherical refraction within −6.00 to 0 D and a cylinder correction within ±3.0 D, antimetropia ≤2 D; (3) open angles on gonioscopy and typical glaucomatous optic disc appearances such as rim thinning, notching, excavation, hemorrhage, or retinal nerve fiber layer (RNFL) defects; and (4) glaucomatous visual field (VF) loss on at least two separate occasions with mean deviations ≥−6 dB, with clusters of three or more adjacent points depressed more than 5 dB, or two or more adjacent points depressed more than 10 dB. The exclusion criteria were as follows: (1) eyes with coexisting retinal disease, optic neuropathy, uveitis, trauma and past intraocular surgery; (2) patients who had undergone eye-selective laser trabeculoplasty surgery within the past year; and (3) patients with a history of diabetes, hypertension, or other diseases that may have affected measurement results.
Myopic patients satisfied all of the following inclusion criteria: (1) a best-corrected visual acuity ≥20/20; (2) a spherical refraction ≤−0.50 D, cylinder correction within ±3.0 D, and spherical refraction >1/2 cylinder correction; (3) normal slit-lamp and fundus examinations; (4) healthy optic disc appearance, a cup-to-disc ratio <0.6, no evidence of diffuse or focal rim thinning, cupping, optic disc hemorrhage, or RNFL defects, and an interocular asymmetry of a cup-to-disc ratio <0.2, with leopard fundus changes, arc spots, and other nonpathological myopic changes accepted; (5) Goldmann applanation tonometer ≤21 mmHg and a central corneal thickness 520-580 μm; (6) normal VFs with a Glaucoma Hemifield Test within normal limits; (7) no pathological myopia; and (8) no prior history of glaucoma or a glaucomatous family history. Eyes with coexisting retinal disease, optic neuropathy, uveitis, trauma, and past intraocular surgery were excluded, as well as those with a history of diabetes, hypertension, or other diseases that may have affected the measurement results.
Controls satisfied all of the following inclusion criteria: (1) visual acuity ≥20/20; (2) a spherical refraction within ±0.50 D and a cylinder correction within ±0.75 D; and (3) all inclusion criteria of the myopic patients.
History and routine ophthalmic examinations
All patients underwent a full ophthalmic examination including visual acuity, refraction, intraocular pressure as measured using Goldmann applanation tonometry, gonioscopy, and a dilated fundus examination.
Visual field testing
A l l p a r t i c i p a n t s u n d e r w e n t S I TA f a s t 2 4 -2 perimetry (Humphrey perimetry, Humphrey Field Analyzer model 750; Carl Zeiss Meditec, Dublin, CA, USA). Minimal criteria for a glaucomatous VF defect were as follows: a Glaucoma Hemifield Test outside normal limits, a pattern standard deviation with P < 5%, or a cluster of ≥3 points in the pattern deviation plot in a single Hemifield (superior or inferior) with P < 0.05, one of which was P < 0.01. Any one of the preceding criteria, if repeatable, was considered sufficient evidence of a glaucomatous VF defect. A reliable VF test was defined as one with fewer than 30% fixation losses, false-positive responses, or false-negative responses.
Fundus stereophotography
E a r l y -g l a u c o m a p a t i e n t s u n d e r w e n t T R C -S S (Topcon, Tokyo, Japan) fundus stereophotography examination, which was completed by an experienced technician. Photographic results were interpreted by an experienced glaucoma specialist.
Spectral domain-optical coherence tomography examinations
S D -O C T e x a m i n a t i o n s u s i n g t h e RT Vu e -1 0 0 , version 6.1 (Optovue, Fremont, CA, USA), were performed on all patients. The patient was seated in a mandibular jaw frame, adjusted to the appropriate position using internal fixation, choosing a nationality of Chinese. Each patient was scanned using two patterns, including an ONH scan and ganglion cell complex (GCC) scan. Quality SD-OCT scans were defined as those with a signal strength index >40. The parameters used for the analysis of the ONH were as follows: SH, IH, S, I, N, T, NU, SN, ST, TU, TL, IT, IN, NL, NU1, NU2, SN2, SN1, ST1, ST2, TU2, TU1, TL1, TL2, IT2, IT1, IN1, IN2, NL2, and NL1 [ Figure 1 ], and the parameters used for the analysis of the GCC were GCC-a, GCC-S, and GCC-I.
Statistical analysis
One eye from each participant was selected for the analysis. If a participant satisfied the criteria of both eyes, then in accordance with a random number table, one eye was selected for statistical analysis. The data were analyzed using SPSS statistical software for Windows (version 14.0, SPSS, Chicago, IL, USA). A value of P < 0.05 was considered statistically significant. A logistic regression model was used to correct for age and diopter. Receiver operating characteristic (ROC) curves for a parameter with significant differences according to logistic regression results were constructed. Data with a normal distribution are expressed as the mean ± standard deviation (SD). Data with an abnormal distribution are expressed as the median (minimum and maximum). The counted data are expressed as a case number and percentage. Analysis of variance was used to compare the four groups of myopic patients and was also used to compare the myopic and early-glaucoma groups. The least RNFL thickness was thicker for the high-myopic group than for the early POAG group (P < 0.05), while the other quadrant RNFL thicknesses were thinner for the high-myopic group.
Receiver operating characteristic curves
We used a logistic regression model to correct for age, given the older ages of the glaucoma group patients (P < 0.05). P < 0.05 indicated statistical difference and that the parameter was capable of distinguishing glaucoma in myopic patients. We excluded 18 parameters (IH, TL1, ST1, I, N, IT1, IN, IN1, IN2, NL, NL1, NL2, NU, NU1, NU2, SN, SN1, and SN2) in the high-myopic group and 13 parameters (IN, IN1, IN2 , NL, NL1, NL2, NU, NU1, NU2, SN, SN1, SN2, and N) in the moderate-myopic group according to logistic regression results [ Table 3 ]. ROC curves for parameters with significant differences were constructed and the AUCs were calculated [ Table 4 ].
We further analyzed the parameters of the inferior, superior, inferior temporal, and superior temporal quadrants, which had all been well documented for their effectiveness in the diagnosis of glaucoma [ . The results are shown in Table 5 , when the specificity was calculated at a sensitivity of 85%.
Color code
The color code provided by SD-OCT is shown in Table 6 . The number of parameters judged as normal (green) was determined from SD-OCT results. Parameters recognized for their effectiveness in the diagnosis of glaucoma were calculated. Table 7 shows the results of the Chi-square test. The differences of most parameters between the high-myopic group and other groups were significant (P < 0.05). Some parameters of the moderate-myopic group compared with the other groups were also statistically significant (P < 0.05).
dIscussIon
With the increase in cases of myopia, [1] the early diagnosis of POAG in myopia becomes especially important. Changes in the myopic fundus, such as disc rotation, distortion, and deformation, [1, 2] affect the observations of shape and size of the optic cup and disc and interfere with the qualitative analysis significant difference method was used to compare any two groups. The Chi-square test was used to compare the color code of the myopic groups. After drawing the ROC curve, the area under the ROC curve (AUC) was calculated to distinguish between myopic and glaucomatous eyes to find the best single parameter of interest.
Results
General condition
In this study, a total of 248 patients (248 eyes) were selected, including 51 cases of early POAG, 79 control eyes (0.50 D to -0.50 D, excluding -0.50 D), 47 cases of low myopia (−0.50 to −3.00 D, excluding −3.00 D), 43 cases of moderate myopia (−3.00 to −6.00 D, excluding −6.00 D), and 28 cases of high myopia (≤−6.00 D). The demographics of all groups are shown in Table 1 . The differences in diopters among all groups were statistically significant (P < 0.05).
Spectral domain-optical coherence tomography parameters
The mean and standard deviation of SD-OCT parameters in early POAG patients and each myopic group are shown in Table 2 . Table 2 also shows the results of comparisons between the control group and other groups. The temporal of glaucoma in myopia and the accuracy of quantitative examinations. In the present study, myopia affected the distribution of the RNFL thicknesses around the optic disc, and the mean, inferior, and superior quadrants of the RNFL were thinner than that of the normal control eyes. In contrast, the temporal RNFL was thicker. These findings were consistent with those from previous studies. [3] These changes caused the reliability of OCT, Heidelberg retinal tomography, and polarized laser scanner parameters to be worse than that of nonmyopic eyes, especially for high-myopic patients. [3, 4] In recent years, clinical applications involving quantitative analysis of glaucoma are becoming increasingly common. If the accuracy of the measured results is poor, the percentages of misdiagnoses will increase. [5, 6] In the present study, we used SD-OCT, which is widely used in the early diagnosis of glaucoma.
Based on previous reports, the diagnostic ability using CIRRUS, RTVUE, or three-dimensional OCT for patients with both POAG and myopia was comparable. [7] [8] [9] [10] [11] The parameters of RNFL thickness and GCC have a high diagnostic performance for POAG with high-myopic patients, compared with nonglaucomatous high-myopic patients, including preperimetric POAG patients. [12] However, for most myopic patients without POAG, numerous studies have reported that the RNFL was also abnormally thin due to axial extension and atrophy of the retina. [2, 5, 6] In our study, a thinner RNFL was found in all myopic groups, especially for the moderate-and high-myopic groups. In the high-myopic group, the thinning included almost all the observational parameters. The main pathological change of glaucoma is selective loss of retinal ganglion cells causing thinning of the RNFL. [13, 14] Both glaucoma and myopic patients have similar OCT results due to RNFL thinning. [2] This process makes myopia easily misdiagnosed as glaucoma, especially high myopia. Based on the AUC values in our study, when the AUC was >0.900, the number of parameters of the control and low-myopic groups was 8/34 and 5/34, respectively, whereas that of moderate-myopic group was 5/34 and the high-myopic group was 0. In contrast, when the AUC was <0.700, the number of parameters of the control and .900  IH, I, IT, IT1, RNFL average,  GCC-a, GCC-I, IN1   I, IH, IT, IT1, RNFL average,  GCC-a, GCC-I, IT2   TL2, IT2, T, TL, IT   >0.800-0.900 IT2, IN, S, SH, ST, GCC-S ,  T, IN2, ST2, ST1, SN, SN2,  TL2, TL, TU2, TU, SN1, TU1   IN1, S, SH, IN, ST, T, ST2, TU2,  TU, GCC-S, TL, TL2, SN,  ST1, TU1, SN2, TL1, IN2, SN1   RNFL average, GCC-a, TU,  TL1, TU2, ST2, GCC-I, TU1,  SH, I, IT1, IH, ST, GCC-S, S   TL2, T, TL, IT2, IT, RNFL  average, TU2, TU, ST2 low-myopic groups was 0 and 1, respectively, and that of the moderate-and high-myopic groups was the same. These results indicated that the diagnostic efficacies of OCT for moderate and high myopia were reduced.
The main purpose of this study was to evaluate the ability of OCT to distinguish between myopia and early POAG. We therefore emphasized the diagnostic specificity of the SD-OCT parameters, which were well in distinguishing between normal and POAG in previous studies. When the sensitivity was 85%, specificity results indicated that most parameters of the control and low-myopic groups were better than those of the moderate-and high-myopic groups. The specificity of patients in the high-myopic group was <70%, or sometimes <50%, indicating that it was easy to be misdiagnosed with myopia when SD-OCT was used, especially for high-myopic patients.
According to the internal normative database of OCT, the printing results showed a color code for each parameter to determine the outcomes using three colors (green, normal; yellow, critical; and red, abnormal). We calculated the number of parameters that were judged as normal (green), which were significantly lower in the moderate-and high-myopic groups. Almost 40% of the high-myopic patients were judged as critical or abnormal according to the RNFL average. At present, there have been few studies in this field. Kim et al. reported that although OCT has a higher sensitivity in high-myopic patients with glaucoma, it also has a lower specificity. [4] Akashi et al. [3] studied three types of OCT diagnostic efficacies for high-myopic patients with glaucoma, reporting that the results were different, regardless of whether the normal control group had a high myopia.
Considering these previous results and the well-known observation that analyses using OCT can many times lead to misdiagnosis by ophthalmologists, we suggest that a normative database of various diopters (especially high myopia) should be established for diagnoses using OCT. Many previous investigators have suggested a similar view that this database will improve glaucoma diagnosis of myopic patients and reduce the percentage of misdiagnoses. [2] [3] [4] Our study had several limitations. First, this study focused on the specificity index, although there was insufficient grouping (glaucoma with high-myopic group) to support the sensitivity observations. Second, the age of patients in the early-glaucoma group was significantly older than that of other groups. Since the RNFL thickness decreases with age, [15] we used a logistic regression model to correct age differences, which could affect the results. In the future, prospective studies with age-matched participants should result in more definitive conclusions.
In summary, the glaucoma diagnostic parameters of SD-OCT were not clinically relevant for moderate-and high-myopic patients. The specificities were low. As a result, misdiagnosis as glaucoma is more likely to occur in moderate-and high-myopic patients. Multifactorial analyses should be used in the diagnoses of glaucoma in moderate-and high-myopic patients. It is also suggested that the population-averaged OCT database of various diopters (especially high myopia) should be established for diagnoses using OCT.
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